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Dene`ve, S., Latham, P., and Pouget, A. (2001). Nat. Neurosci. 4, revealed clear evidence for neural hysteresis within the
826–831. inferior parietal and inferior frontal regions; of note, this
Duhamel, J.-R., Bremmer, F., Ben Hamed, S., and Graf, W. (1997). effect was only found during trials with perceptual hys-
Nature 389, 845–848. teresis. Interestingly, the lateral occipital cortex (LOC)
Falchier, A., Barone, P., and Kennedy, H. (2002). J. Neurosci., in exhibited a more complex pattern of activity, reflecting
press. its typical adaptation properties (Grill-Spector and Ma-
Graziano, M., Hu, X.T., and Gross, C.G. (1997). J. Neurophysiol. 77, lach, 2001). In trials without perceptual hysteresis, a
2268–2292. “reverse neural hysteresis” was found (i.e., stronger acti-
Hyva¨rinen, J. (1981). Physiol. Rev. 62, 1060–1129. vation during contrast build-up than during contrast
Jousmaki, V., and Hari, R. (1998). Curr. Biol. 8, R190. degradation). During the contrast-degrading phase, ac-
Kennett, S., Taylor-Clarke, M., and Haggard, P. (2001). Curr. Biol. tivity was stronger in trials with than without perceptual
11, 1188–1191. hysteresis, reflecting neural hysteresis indirectly. Finally,
Macaluso, E., Frith, C.D., and Driver, J. (2000). Science 289, 1206– in contrast with the pattern observed in the areas dis-
1208. cussed above, a region in the medial temporal cortex
Macaluso, E., Frith, C.D., and Driver, J. (2002). Neuron 34, this issue, exhibited the reverse pattern of priming (i.e., an increase
647–658. in activation during the second over the first exposure).
McGurk, J., and MacDonald, H. (1976). Nature 264, 746–748. The findings from this study raise two important issues:
Morrot, G., Brochet, F., and Dubourdieu, D. (2001). Brain Lang. 79, the relationship between neural hysteresis and visual
309–320. awareness and the mechanisms mediating the hystere-
Stein, B.E., and Meredith, M.A. (1993). The Merging of the Senses sis itself. We deal with each in turn.
(Cambridge, MA: MIT Press).
Many previous studies point to ventral occipito-tem-
poral visual areas as revealing a correlation between
BOLD activation and subjects’ performance. It is the
case, however, that some studies show enhancement of
the signal following improvement in performance, whileCorrelations between the fMRI
others show signal reduction. For example, Dolan etBOLD Signal and Visual Perception al. (1997) found enhancement of the BOLD signal in
category-related ventral visual areas during a second
exposure to displays containing degraded stimuli once
the stimuli had become recognizable. Similarly, Grill-Using fMRI and a psychophysical task involving letter
Spector et al. (2000) found enhancement of the BOLDidentification, Kleinschmidt et al. (2002) (this issue of
signal for a set of briefly presented, masked stimuli onNeuron) delineate two patterns of neural activation,
which subjects were intensively trained, compared to awhich manifest in different cortical regions: a transient
novel set; furthermore, a correlation was found betweenactivation, correlated with the change of a percept, and
BOLD activity and explicit recognition.a longer-term hysteresis, correlated with the mainte-
A seemingly conflicting line of evidence comes fromnance of the percept. These findings are provocative
a series of priming studies in which repeated presenta-and suggest that neural hysteresis is mediated by vi-
tion of a stimulus leads to improved object recognitionsual structures that interact with higher-order regions
but significant reduction in the fMRI signal (Buckner etto support longer-term maintenance of a percept.
al., 1998; Chao et al., 2002; Van Turrenout et al., 2000),
reminiscent of the fMRI-adaptation phenomenon (Grill-
One of the main advantages of functional magnetic reso- Spector and Malach, 2001). Importantly, however, while
nance imaging (fMRI) is that it enables us to directly different manipulations of face stimuli (position, size,
study the relationship between brain activation and ex- and rotation) elicited differential adaptation effects in
plicit behavioral performance. The central contribution LOC, they elicited similar levels of performance, thus
of the study by Kleinschmidt et al. (2002) is the differenti- showing some deviation from a standard priming effect.
ation of brain regions associated with perceptual aware- Furthermore, fMRI signal reduction following priming
ness of a stimulus from regions associated with longer has been shown to persist several days after the original
maintenance of the percept hysteresis. Perceptual hys- event (Chao et al., 2002; Van Turrenout et al., 2000), a
teresis was induced by slowly increasing the contrast finding that cannot easily be attributed to adaptation
of a visual stimulus (letter) until its percept “popped processes that are typically short-lived.
out” and then gradually reducing the contrast until the At first glance, these studies reveal an apparent con-
percept “dropped out.” Subjects explicitly indicated via tradiction: both response increase and decrease are
button press the times of pop out and drop out. Percep- obtained as a function of behavioral improvement. How
tual hysteresis was manifested in lower contrast levels can this discrepancy be resolved? Two recent studies
at which drop out occurred compared to the contrast provide some explanation. Henson et al. (2000) report
level at which pop out occurred. that repetition of familiar stimuli (faces or symbols) led
Activity associated with subjects’ perceptual aware- to a signal reduction in a right fusiform region, while an
ness of the stimuli was found in the inferior parietal, enhanced response was found in this region following
inferior frontal, and ventral lateral occipital cortical ar- repetition of novel stimuli. Thus, familiarity may affect
eas. These areas also exhibited priming-related effects, the extent of the fMRI signal following priming. Focusing
which were manifested in an earlier, reduced response on the temporal aspects of the recognition process,
during the second (compared to the first) exposure of James et al. (2000) report a more complex interaction
in which, during a prerecognition phase, primed objectseach stimulus. Subsequent analysis of the fMRI signal
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Interaction of Medial Temporal Lobe with
Neocortical Regions
Reprinted with permission from the author,
J.L. McClelland (1996), p.603.
produced a stronger response compared to nonprimed this may correspond to a top-down signal that is relevant
both for recognition of the stimulus and the maintenanceones. After recognition, the trend was reversed with
stronger activity for the unfamiliar stimuli. This effect, of the percept when the stimulus is no longer percepti-
ble. The contribution of the medial temporal structureshowever, may be attributable to a leftward shift in the
time course obtained for the primed, compared to the is consistent with a host of studies, which implicate
medial temporal cortex in visual recognition memory.nonprimed, stimuli.
The activity obtained in the lateral occipital region in It is also the case that the contribution of the medial
temporal cortex in this task is compatible with a recentthe Kleinschmidt et al. study does not obviously recon-
cile the discrepancy regarding the brain activation-per- theoretical perspective (see Figure for a schematic de-
piction) that posits a complementary role for the hippo-formance correlation. On the one hand, activity was
strongly dominated by an adaptation mechanism and, campus and related structures and neocortical regions
(McClelland, 1996; McClelland et al., 1995). The gist ofhence, this region did not exhibit a hysteresis effect
directly. This finding is consistent with several studies this account, supported by neurophysiological studies
and computational simulations, is that memories areshowing adaptation effects in this region even when the
physical properties of the stimulus were changed (Grill- initially stored in the hippocampus via synaptic changes.
Critically, these changes also support the reinstatementSpector and Malach, 2001). On the other hand, activity
in this area was correlated with subjects’ general aware- of recent memories in the neocortex, which is involved
in sensory, perceptual, and output processes. There areness of the stimuli and exhibited an increase before
peaking at times roughly corresponding to the subjects’ also small changes to the neocortical synapses with
each reinstatement, and these adjustments tend to facil-response. Furthermore, the authors argue that this re-
gion does show a correlation with perceptual hysteresis, itate repetition of the same act or processing at a later
time. Remote memory is based on cumulative changesas explained above.
Taken together, these studies provide a rather com- to these connections. Within this view, the hysteresis
observed in the medial temporal lobe by Kleinschmidtplex scheme of the relation between brain activation
and behavioral performance and suggest that the rela- et al. is not only a reflection of the initial storage of the
memories, but also the propagation of the activationtionship may be dominated by several different mecha-
nisms having different dynamics. Generally, it seems into neocortical regions, resulting in greater activation
for the second, rather than first, stimulus exposure.that whenever stimuli are shown in subthreshold condi-
tions and, therefore, prior to a buildup of a new represen- It is also worth noting that in the context of these
findings, there are reciprocal connections between thetation (e.g., Kleinschmidt et al., 2002, before pop out;
James et al., 2000, during prerecognition phase; Grill- regions showing activation in the Kleinschmidt et al.
paper (inferior frontal and inferior parietal regions, butSpector et al., 2000; Dolan et al., 1997), the signal in-
creases. But, under supra-threshold conditions in which not, apparently, direct connections with lateral occipital
regions) and the hippocampal structures, providing aa prior representation of the stimuli already exists, as
in the more classical priming experiments (Buckner et substrate for the hysteresis interaction. Thus, while one
might observe adaptive reductions in neocortical re-al., 1998; Chao et al., 2002; Van Turrenout et al., 2000),
or after a clear percept has already emerged (e.g., James gions following reinstatement of the stimulus, particu-
larly if it is a known stimulus, one might concurrentlyet al., 2000, postrecognition phase; Kleinschmidt et al.,
2002, after pop out), a reduction in the BOLD signal is observe enhancement of activation of the medial tempo-
ral lobe, which is actively propagating neuronal activa-obtained. The exact relation between the priming-
related signal reduction, which may have long-term per- tion to these neocortical regions. The findings from
Kleinschmidt et al., then, are compatible with this neo-sistence and the more short-term adaptation effect,
clearly requires further investigation. cortical/hippocampal interactive account and exemplify
the complementary functions served by the cooperationThe above discussion deals primarily with the BOLD
activation found in visual cortex. Interestingly, the au- of these structures.
Before concluding, we return to the Kleinschmidt etthors also report activation bilaterally in the medial tem-
poral cortex, which was sustained during hysteresis and al. paper for a few remaining observations. An obvious
outstanding issue is whether the findings reported herecarried over into the second cycle with the same stimu-
lus. The authors suggest that this pattern of activation are general to all classes of visual stimuli or restricted
to stimuli (letters) whose identity needs to be maintainedreflects the interaction between ventral temporal cortex
and the medial temporal lobe system and propose that over temporal intervals (for example, for the purpose of
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reading). Finally, it would also be useful to know the
coordinates of the regions where Kleinschmidt et al.
obtain the activations, not only to ensure consistency
with other imaging studies on letter recognition (for ex-
ample, Hasson et al., 2002), but also to understand the
details of the medial temporal region and its contribution
in relation to the existing literature.
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